Background: Ideal surgical treatment for acute duodenal injuries should offer a definitive treatment, with low morbidity and mortality. It should be simple and easily reproducible by acute care surgeons in an emergency. Duodenal injury, due to major perforated or bleeding peptic ulcers or iatrogenic/traumatic perforation, represents a surgical challenge, with high morbidity and mortality. The aim was to review definitive surgery with pancreas-sparing, ampulla-preserving duodenectomy for these patients.
Introduction
Urgent surgery for duodenal perforation is a major challenge for surgeons. This is due to the intrinsic difficulty of repairing large duodenal perforations with major loss of tissue by simple surgical measures such as primary repair or omental patch. Alternatively, diverting or excluding procedures (for example pyloric exclusion, proximal gastric disconnection, serosal or jejunal patch) often result in poor outcomes and high rates of persistent duodenal fistula 1 .
The disappointing results achieved by conservative and simple surgical strategies can be overcome by definitive major resection such as pancreatoduodenectomy; however, this requires advanced hepatobiliary expertise and carries risks associated with technical complexity. Arguably, the most definitive outcome would be achieved by formal duodenal resection, including the large perforation and area of duodenum. This type of duodenectomy could be quick and technically straightforward, and easily reproducible by surgeons of varying skill level. The pancreas, the ampulla of Vater and common bile duct (CBD) should be preserved, thus avoiding the morbidity and mortality associated with emergency Whipple's procedure.
There are a number of causes of major duodenal perforation including perforated or bleeding duodenal ulcer 2 , traumatic perforation (blunt or penetrating), and iatrogenic/endoscopic perforations. In addition, duodenal leak after initial conservative management or primary repair can be a cause. The size of a perforation is the most relevant prognostic factor influencing the choice of surgical treatment. There remains controversy over what constitutes major or giant duodenal perforation. The traditional definition of giant duodenal ulcer is size greater than 2 cm 3, 4 ; such ulcers are associated with much higher morbidity and mortality 5 . Gupta and colleagues 6 proposed that duodenal perforation can be classified into three main size groups: small perforation (less than 1 cm); large perforation (1-3 cm); and giant perforation (more than 3 cm).
The aim of this study was to describe the outcomes of a series of patients treated by such D1-D2 pancreas-sparing, ampulla-preserving duodenectomy, and to help identify patients for whom definitive duodenectomy (indications shown in Table S1 , supporting information) may represent a safe and effective alternative to primary repair or other non-resectional strategies.
Methods
A consecutive series of patients with a major duodenal injury were treated using the same surgical technique. The location of the injury was always D1 and/or D2, above or close to the ampulla of Vater on the antimesenteric border.
Surgical technique
The procedure (Video S1 and Figs S1-S16, supporting information) can be performed either open or laparoscopically, depending on the patient's haemodynamic status 7 , the aetiology and location of the perforation, and the skills and experience of the operating surgeon.
Initial assessment includes identification and localization of the exact site of the duodenal injury. For bleeding duodenal ulcers, duodenotomy may be required to assess whether the bleeding can be controlled with a simple suture or whether definitive management with a duodenal resection is needed. For giant perforated ulcers or iatrogenic perforations, especially when the lesion is posterior or retroperitoneal, identification and localization may be difficult and opening the retroperitoneum for evacuation of a large periduodenal collection may be necessary. This manoeuvre can be challenging and potentially dangerous as the planes of dissection are adherent to the extraluminal collection, increasing the risk of duodenal tear or of enlarging the defect. Incision of the peritoneal reflection and entering the collection with careful blunt dissection and medial mobilization of the entire C-shaped duodenum is the key (Fig. 1a) .
The second step is to perform cholecystectomy and identify the cystic duct by cannulation with a transcystic drain (Fig. 1b) . The transcystic tube is pushed into the CBD and progressed through the papilla into the duodenal lumen to identify the ampulla and its anatomical correlation to the duodenal perforation. This allows assessment of the feasibility of a proximal duodenectomy with preservation of the ampulla. The transcystic tube is then retrieved to assess whether the staple line on the supra-ampullary duodenum will lie on healthy tissues, and whether the whole perforation and devitalized margins can be included in the resected duodenum.
After locating the ampulla, the next step is to disconnect the gastric antrum and pylorus from the gastric body (Fig. 1c) . Duodenal resection should start proximal to the pylorus, where it is less inflamed. The gastrocolic ligament is opened, the lesser sac entered, and the posterior wall of the gastric antrum is mobilized. Distal gastric resection can be achieved with a linear stapler. Disconnecting the gastric antrum enables the specimen to be flipped over, and permits easier dissection of the posterior aspect of the antrum and D1 from the head of the pancreas. It also enables dissection of the first part of the duodenum and the superior duodenal flexure from the head of the pancreas (Fig. 1d) , staying in the dissection plane between the duodenal wall and pancreatic parenchyma. The small vessels connecting the medial duodenal wall to the head of the pancreas can be controlled with bipolar forceps, haemoclips or fine ties. Separation of the second part of duodenum from the pancreatic head is continued downwards, below the superior duodenal flexure, until the level of insertion of the ampulla on to the medial side of duodenum is reached. The transcystic tube is left across the papilla, to mark the ampulla-preserving resection. This helps avoid iatrogenic injury to the ampulla and/or CBD, and accidental detachment of the ampulla from the medial wall of the duodenum during separation of the supra-ampullary duodenum from the pancreatic head.
The next step is to place an articulated stapler tangentially across healthy margins of the mid-duodenum, just above the ampulla. Use of a flexible endostapler makes this step easier, allowing a sharp, oblique orientation (Fig. 1e) . The perforation is usually located on the lateral side of the duodenal wall. This oblique stapling can achieve a nearly total resection of D2 with complete closure and full stapling of the remaining distal duodenum over healthy margins, while avoiding injury to the orifice of the ampulla. The transcystic tube should be retracted back into the CBD before stapling across the duodenum, to prevent its entrapment. After completion of the D1-D2 resection, the staple line can be checked for leak using methylene blue injected from the transcystic or T-tube drain. The transcystic drain is then left at the level of the distal CBD for the purpose of external bile diversion. In selected patients, external biliary diversion can be achieved more effectively by a T tube in the CBD. Finally, gastrointestinal continuity is restored by a Roux-en-Y gastrojejunostomy (Fig. 1f ) . Postoperative imaging of the remaining duodenum can be obtained via transcystic or CT cholangiography.
Results
Ten patients (7 men and 3 women) were treated by a single consultant surgeon over a 5-year interval between March 2012 and November 2017. Their mean age was 78 (range 65-84) years. Four patients had preoperative haemodynamic shock, and ASA grades ranged from III-E to V-E. Seven patients had perforated or bleeding peptic ulcers, two had iatrogenic perforations (1 following laparoscopic cholecystectomy and the other after endoscopic duodenal stent insertion), and one patient had blunt abdominal trauma. Nine patients underwent open surgery, either via a midline laparotomy or rooftop incision; one who was haemodynamically stable was treated laparoscopically. In all patients, a D1 or a D1 + D2 duodenectomy was completed. Cholecystectomy and transcystic T-tube insertion for identification of the location of the ampulla and postoperative biliary external diversion was used in all except the laparoscopic procedure. Gastrointestinal tract continuity was restored by Roux-en-Y reconstruction in eight patients. Major associated surgical procedures included splenopancreatectomy of the body-tail in one patient owing to a 10-cm neuroendocrine gastrin-secreting carcinoma of the pancreatic body (Table S1 , supporting information).
The median duration of surgery was 241 (mean 264, range 170-377) min. Six patients had a nasojejunal tube for postoperative enteral feeding. The mean postoperative ICU stay was 4⋅4 (median 3⋅5, range 1-11) days. The overall mean duration of postoperative hospital stay was 17⋅8 (median 16⋅5, range 10-32) days. Two patients died within 30 days, one from severe necrotizing pancreatitis and the other from cardiorespiratory failure.
Postoperative morbidity was common and occurred in nine patients: six major and three minor complications.
Cardiorespiratory complications were major in two patients and minor in three, and required critical care. Four patients developed gastrointestinal complications: bleeding from the gastrojejunal anastomosis managed by endoscopic haemostasis; postoperative necrotizing and bleeding pancreatitis requiring multiple relaparotomies; a peripancreatic stump collection managed by percutaneous CT-guided drainage; and a biliary leak around the T-tube insertion in a patient who had surgery for iatrogenic perforation after endoscopic placement of a palliative biliary-duodenal stent. There were no leaks from the periampullary stapled duodenal stump or strictures of the CBD (Table S2 , supporting information).
Discussion
Major perforated and/or bleeding duodenal ulcers as well as duodenal traumatic injuries are not common, and their management can be technically demanding. Postoperative morbidity and mortality rates are extremely high, especially when a postoperative leak occurs after initial primary repair. Choosing rapid and easily reproducible techniques, such as simple closure with omental patch where possible, is ideal. Gastric antrectomy with reconstruction, but without definitive resection of the affected area of the duodenum, often has a disappointing outcome in patients with a major duodenal perforation and poor preoperative condition. Reoperation for gastric disconnection due to postoperative leakage and bleeding has been often reported in such patients 1 . Despite its high morbidity and consequences on quality of life, gastric disconnection has been recommended when definitive surgery fails, deferring restoration of gastrointestinal continuity to a later stage 3 . Lal and co-workers 5 reported a 70 per cent rate of postoperative leakage after primary repair in 20 patients with perforation greater than 2 cm; eight patients required re-exploration and more invasive delayed procedures. The intrinsic problem with all these strategies is that the diseased duodenum is not addressed by definitive surgical treatment in a timely fashion. The delay in obtaining definitive control by duodenal resection resulted in high mortality rates, reaching 14 of 20 (70 per cent) in the group of patients with large and giant perforation who underwent initial primary closure or omental patch 5 . A lower postoperative mortality rate has been reported 8 when vagotomy is added to simple closure alone (13 versus 27 per cent respectively). Nonetheless, 5 years after surgery the cumulative recurrence rate after simple closure (41 per cent) was significantly higher than that after resection (16 per cent).
The choice of procedure must be tailored to the nature of the defect, the amount of tissue lost and the amount of peritoneal contamination 9 . There is increasing agreement that omental patch or primary closure is less successful for giant perforated ulcers (larger than 2 cm), and a more definitive operation (such as vagotomy with pyloroplasty or partial gastrectomy) is usually recommended 10 . A particular challenge occurs when a retroperitoneal abscess is found, as these are associated with posterior perforation of a duodenal ulcer. In such patients Kocherization of the duodenum, visualization of the ulcer and primary repair can be difficult to achieve. Partial duodenectomy with a duodenojejunal anastomosis has been described with successful outcome 11 . Some authors have attempted a pancreas-sparing complete duodenectomy, but detachment and reimplantation of the duodenal ampulla represents a significant technical challenge, resulting in higher postoperative leakage and complication rates 12 . A pancreas-sparing partial or subtotal/total duodenectomy with translocation of the ampulla and distal CBD has been described for certain types of benign duodenal tumour 13 , premalignant or early malignant duodenal lesions 14 , or infra-ampullary lesions including selected malignancies 15, 16 . Pancreas-sparing duodenectomy has also been described as an emergency procedure for duodenal trauma, major bleeding peptic ulcers or diffuse duodenal ischaemia, with a 20 per cent mortality rate. Ivatury et al. 17 suggested that most duodenal penetrating injuries may be treated effectively by primary repair. Pyloric exclusion has been advocated for complex traumatic injuries, but is associated with longer hospital stay and ultimately no survival or outcome benefits compared with primary repair alone 18 . Complex duodenal injuries, those diagnosed and treated late, and those associated with major destruction of adjacent structures require careful consideration of the physiological stability of the patient, severity of injury, extent of local inflammation and experience of the surgeon 19 .
The present technique may represent a reproducible surgical strategy for definitive management of moderate to severe grade duodenal traumatic injuries that cannot be managed satisfactorily with simple repair or exclusion/derivative techniques, and not necessarily requiring an urgent Whipple procedure. This technique has the advantage of being reproducible by most surgeons, although tube duodenostomy and damage control might be safer in small centres, and in the absence of hepatobiliary expertise.
